To assess the feasibility of minimum-incision endoscopic radical prostatectomy (MIERP) in the management of localized prostate cancer.
Introduction
Laparoscopic total prostatectomy, perineal prostatectomy, and minimum-incision endoscopic radical prostatectomy (MIERP) are representative minimally invasive surgeries for localized prostate cancer. In 1998, Marchall et al 1 first reported a radical retropubic prostatectomy (RRP) technique by minimum-incision surgery using an incision of 7-8 cm. Kihara et al 2, 3 subsequently introduced minimum-incision endoscopic RRP with an even smaller incision of 4-5 cm. For surgeons with experience in RRP, these procedures are probably easy to master compared with laparoscopic total prostatectomy because they are more likely to be based on conventional methods; 2, 3 however, they may be technically difficult because the length of the incision does not permit insertion of the entire hand into the operative field. Therefore, we devised an introductory MIERP protocol that follows stages starting from a 10-cm incision, which allows sufficient entry of the hand, until MIERP can finally be performed with an incision of approximately 6-7 cm. Here, we report our experience with 50 cases, including comparison with 19 cases by conventional methods.
Patients and methods

Patient background
We prospectively reviewed 50 patients who were diagnosed with localized prostate cancer from June 2006 to October 2009 on whom MIERP was performed with a 6-10-cm incision, and 19 patients on whom conventional RRP was performed from July 2005 to May 2006 (Table 1) . The study was approved by the institutional review board at Osaka Medical College, and all patients were prospectively observed during the study. Written informed consent, including explanation of the risk of the procedure, was obtained from all patients in an outpatient setting.
Surgical instruments
A self-retaining retractor (Omni-Tract, Omni-Tract Surgical, MN, USA) was used (Figure 1 ), and the operative field was monitored with a 0° laparoscope inserted into the surgical wound from the cephalic side; otherwise, a 30° laparoscope was inserted from the pubic side (Figures 2A and  2B ). Blunt dissector forceps in different sizes (small, medium, and large) were used to secure the operative field, and two metal suction tubes were used for aspiration as well as blunt detachment. A haemoclip (Ligaclip, Ethicon, Norderstadt, Germany) was used to control bleeding, and a ligator (Knot Driver; Tyco, Norwalk, CN, USA) was used for suture ligation. Otherwise, no special surgical instruments other than those used in conventional RRP were used.
MIERP procedure
Minimum-incision retrograde radical retropubic prostatectomy was conducted based on Walsh's method. 4, 5 The same resident surgeon performed the operations with three advising doctors. A midline incision of 6-10 cm was made in the lower abdomen above the pubis, the space of Retzius was opened, and the obturator lymph nodes were removed bilaterally ( Figure 1 ). The endopelvic fascia was incised, and after the levator ani muscle was gently separated from the prostate, the puboprostatic ligament was incised and the apex of the prostate and urethra were opened anatomically. urethra was well clarified. At this point, the urethra was isolated with a Metzenbaum scissors, creating adequate space at the lateral portion of the urethra, and the neurovascular bundle was detached, severed, or preserved. If it was preserved, then the lateral pelvic fascia was also incised. The anterior surface of the urethra was incised, a urethral catheter was drawn out through the incision, and 2-0 absorbable suture for vesicoureteral anastomosis was used to stitch the urethra. At this time, anastomotic sutures were stitched to the urethra at the 1-and 11-o'clock positions, and the rest were stitched after prostate removal. After completely withdrawing the urethral catheter, the posterior surface of the urethra was divided and cut, and then Denonvilliers' fascia was divided. The lateral pedicle of the prostate, which includes the vessels for the prostate, was carefully scooped up with right angle forceps using perirectal adipose tissue as a marker and sequentially cut with an electric scalpel (sharply cut after clipping in the case of nerve preservation), and the apex of the prostate was sufficiently elevated. The urethral catheter was again passed through the incision and implanted in the bladder from the prostatic apex for traction, treatment of the posterior surface and lateral side was performed, and the seminal vesicle surrounded by Denonvilliers' fascia was opened. Denonvilliers' fascia was incised directly over the seminal vesicle, the lateral vascular pedicle was ligated and severed along this surface, the seminal vesicles were separated, and the bladder neck was cut circumferentially with an electric scalpel and removed. The bladder neck was narrowed with everting sutures, and the remaining urethral side was stitched with vesicoureteral anastomosis sutures at 3-, 5-, 7-, and 9-o'clock positions. A urethral catheter was indwelled in the bladder, vesicoureteral suturing was performed with a deep ligator, the absence of leakage was confirmed by bladder irrigation, one or two suction drains were implanted, and the wound was closed to end the operation.
Surgical schedule
A total of 800-1,200 g of autologous blood was prepared for all patients, who were hospitalized 2-3 days before surgery. Patients were scheduled to begin oral intake and ambulation on the day following surgery. The drain was removed when the 1-day volume became 50 mL or less, sutures were removed from the wound on day 7, and the catheter was removed on day 7 following cystography. Discharge from the hospital was on the day the patient desired after catheter removal. Analgesia was administered with a continuous infusion of 50 mL of 0.2% ropivacaine hydrochloride (Anapeine) through an epidural catheter implanted at the time of surgery. If the patient complained of postoperative pain or bladder irritation, a diclofenac sodium suppository (Voltaren 50 mg) or intramuscular injection of pentazocine (15 mg) was added.
Introductory MIERP protocol
Our institution has adopted a clinical residency system. Because the chief resident with approximately 7 years of postgraduate experience performed the operation, we created a protocol following stages to introduce MIERP. In stage 1, approximately 5 operations are performed with a 10-cm incision. Manual operations are permitted. In stage 2, approximately 5 operations are performed with a 10-cm incision. Manual operations are minimized to those applicable to a smaller incision. In stage 3, surgery with an incision of approximately 7 cm is begun, which can be conducted with blood loss of 1,000 mL or less and an operation time of within 4 hours.
Clinical considerations
Operation time, blood loss, transfusion volume, postoperative clinical stage, excised specimens, and postoperative course were compared between MIERP and conventional RRP. Mann-Whitney's U test was used for statistical analysis with significant differences at less than 5%. Associations of three or more operation modalities with operation time, blood loss, transfusion volume, postoperative clinical stage, excised specimens, and postoperative course were analysed by the Kruskal-Wallis one-way analysis of variance with post hoc comparisons by Wilcoxon rank-sum tests with significant differences at less than 5%. Analyses were performed by means of the GraphPad Prism program (version 5; GraphPad Software, San Diego, CA, USA). All p values were two-tailed.
Results
MIERP surgical results
Surgical results of all 50 cases of MIERP are shown in Table  2 . In the 50 cases, mean operation time was 227.6 minutes, and mean blood loss was 1,731.5 mL. Preservation of the cavernous nerves of the penis was unilateral in three cases and bilateral in four cases. In accordance with the protocol, 10-cm incisions were used during the introductory phase. Stage 1 was conducted on 4 patients, and prostaterectum separation was done manually. In stage 2 from the fifth operation, manual separation was minimized. Because the operation time was 3 hours and 35 minutes and blood loss was 960 mL in the eighth operation, an incision of 6-7 cm was used in stage 3 from the ninth operation. Surgical results of each protocol are shown in Table 2 . The mean operation time was 4 hours 41 minutes for the four patients in stage 1, 4 hours 12 minutes for the four patients in stage 2, and 4 hours for the eight patients in stage 3. The mean blood loss was 1,860 mL for the four patients in stage 1, 1,595 mL for the four patients in stage 2, and 1,240 mL for the eight patients in stage 3. One patient in stage 1 required a heterologous blood transfusion. Blood loss and operation time decreased at each stage, but there were no significant differences.
Postoperative course
All 50 patients began to take liquids on day 1 or 2 after surgery, and 49 of the 50 patients (98%) began to eat on the same day. The other patient began to eat on day 5. Again, 49 of the 50 patients (98%) could independently walk to the bathroom on day 1 or 2 after surgery, and the other patient could do so on day 5. The use of supplemental analgesics after surgery averaged 0.69 ± 0.76 times (0-2 times) in 26 of the 50 patients (52%). The drain was removed in an average of 3.6 ± 1 days after surgery (2-7 days; median, 4 days), and the average period of catheterization was 9.1 ± 4.1 days (6-23 days; median, 7 days). Cystography at catheter removal revealed extravasation of the contrast agent in 9 of the 50 patients, and catheterization was required for 2-3 weeks after surgery. For urine incontinence, 21 of the 50 patients (42%) used only a protective pad at discharge. Complications included seven cases (14%) of dehiscence of the surgical wound, two (4%) cases of urinary retention, and one case each of epididymitis, anuresis, and urethral stenosis. Urethral sounding was performed for the urethral stenosis.
Comparison of MIERP and conventional method Surgical results
As shown in Table 2 , the mean operation time was significantly decreased at 227.6 minutes by MIERP and 282 minutes by the conventional method (p < 0.0001). The mean blood loss was 1,731 mL by MIERP and 1,785 mL by the conventional method, although it did not show a significant difference. *RRP vs. all MIERP. RRP = radical retropubic prostatectomy; MIERP = minimum incision endoscopic radical prostatectomy; GS = Gleason score.
Postoperative courses
The postoperative courses in 50 cases of MIERP and 19 cases of the conventional method are shown in Table 3 . The MIERP group began oral intake significantly earlier (1.18 ± 0.40 days vs. 1.6 ± 0.7 days, p = 0.0002), and the MIERP group also began ambulation significantly earlier (1.6 ± 0.7 days vs. 2.06 ± 0.41 days, p = 0.0241). The use of supplemental analgesics in the 3 days following surgery was also significantly less in the MIERP group (0.7 ± 0.8 times vs. 1.63 ± 1.22 times, p = 0.012). The drainage period tended to be shorter in the MIERP group, although it did not show a significant difference (3.5 ± 1.1 days vs. 3.9 ± 2.2 days). The periods of catheterization (9.1 ± 4.1 days vs. 12.9 ± 5.2 days, p = 0.0002) and hospitalization (20.6 ± 6.6 days vs. 24.4 ± 5.0 days, p = 0.0058) were also significantly shorter in the MIERP group.
Comparison of three operation groups of MIERP Surgical results
Patients were divided into three groups: the first MIERP group included 16 consecutive patients in the introductory phase (i-MIRPP); the second group included 17 consecutive patients in the midterm phase (mt-MIERP); and the third group included the latest 17 patients (l-MIERP) ( Table 4) . During i-MIRPP, the operation procedure was developed in accordance with the protocol. An incision of 6-7 cm was used from the ninth patient. Smaller incisions were the major reason for reduced invasiveness of laparotomy. To clarify the feasibility and safety of a minimal skin incision for prostate cancer resection, a 6-7-cm incision without any manual intervention or interaction with the application of surgical operation devices was used as the standard operation procedure. Thereafter, the standard operation procedure was conducted for all patients in the mt-MIERP and l-MIERP groups, except for those patients who needed a > 7-cm incision to achieve good exposure of the prostate.
To determine the nature of a learning curve, bleeding, catheter removal, operation time, and the incidence of complications were compared in the three MIERP groups (Table 4 ). There were no significant differences among the three groups in terms of age, neoadjuvant hormone therapy, preoperative clinical stage, preoperative and postoperative Gleason score, usage of analgesics, and when they began to walk (data not shown). The mean operative times in the i-MIERP and mt-MIERP groups were 253 ± 34.6 min and 253.4 ± 45.6 min, respectively, which were significantly longer than 177 ± 19.9 min in the l-MIERP group ( mt-MIERP group, which were significantly longer than 7.8 ± 3.8 days in the l-MIERP group (Table 4) .
Discussion
Retropubic prostatectomy is the standard treatment for localized prostate cancer, while laparoscopic total prostatectomy, perineal prostatectomy, and MIERP are considered minimally invasive surgeries. Because laparoscopic total prostatectomy requires a high level of surgical skill, Rassweiler et al 8 considered it difficult to acquire the technique, with experience of over 100 cases needed in the introductory period to obtain stable results. Perineal prostatectomy is an approach to which urologists are unaccustomed, and particular complications are a problem. In contrast, MIERP is a procedure based on conventional RRP that is relatively easily introduced to surgeons with experience in conventional methods. 9 The advantages of MIERP include the ability to comprehend the operative field in detail because the insertion of a laparoscope into the surgical wound allows it to be precisely monitored. An advising doctor can easily follow the progress of the surgery and give guidance because the surgeon is not operating blindly. Furthermore, it is suitable for educational institutions because, in addition to the surgeon, residents can follow the details of the procedure through the monitor. 2, 6, 7 Because the operation proceeds only with instruments without inserting the hands into the operational field, full knowledge and understanding of the anatomic layer is essential, not only for beginners; it is crucial to the establishment of a safe and reliable surgical technique. The disadvantages of MIERP include the difficulty of the surgical technique due to a narrower surgical wound than in conventional RRP; the need for separation using instruments only and opening the operative field with forceps without manual separation or opening; and the need to become accustomed to using a microscopic field.
With the smaller incision, both operation time and blood loss were reduced. In addition, by using the protocol in each stage, difficult points were gradually resolved and MIERP was safely introduced.
In the postoperative course, most patients in the MIERP group began taking liquids on the first or second day after surgery, and were able to begin walking and eating by the second day. In particular, the use of supplemental analgesics was significantly lower in the MIERP than in the conventional method group (MIERP, 0.7 ± 0.8 times vs. conventional method, 1.6 ± 1.2 times, p = 0.0022), which also made pain-free early ambulation easier. MIERP results in
